Several factors have been reported as risk factors for the development of osteoporosis. In this study, we aimed to examine the relationship among lifestyle factors, biologic factors, and bone mineral density (BMD) using structural equation modeling (SEM). The subjects in the present study consisted of 866 postmenopausal Japanese women aged between 40 and 80 years old. In the analysis by the SEM, we employed a multiple basic model. As the structural variables, lifestyle factors and biologic factors were selected.
Introduction
Osteoporosis is a serious public health issue and one of the most important disorders associated with aging 1) . The number of patients with osteoporosis among women aged 50 years and over was estimated to be between 5 million and 8.5 million in Japan 2) , whereas it was assumed to be approximately 4-6 million in the US 3) . The direct and indirect medical costs of osteoporosis, which were estimated as $6.1 billion in the United States, have become a severe social problem 2, 3) . Meanwhile, it has been reported that osteoporosis predisposes sufferers to fractures, which can cause the elderly to become bedridden, to degrade their quality of life [4] [5] [6] [7] [8] and increases the risk of death 9) . Accordingly, osteoporosis has significant medical, social and economic implications 10, 11) , and has been a subject of numerous studies.
Risk factors for the development of osteoporosis have been reported such as lack of sufficient physical activity, low intake of calcium and vitamin D, low level of exposure to sunlight, smoking habit, weight, obesity, estrogen supplementation therapy, early menopause, hyperthyroidism and diabetes mellitus 1, [12] [13] [14] [15] . One of the objectives of the present study was to clarify the relationship between each risk factor and bone mineral density (BMD), structurally. In particular, to indicate the relationship between BMD and modifiable lifestyle factors, and that between BMD and biologic factors, it is important to examine the efficacy of prevention by improvement of lifestyle. Since lifestyle is an abstract concept, it should be treated as a "construct". Constructs are concepts, which are applied to simplify the understanding of relatively complex phenomena by hypothesizing its existence 16) . Structural equation modeling (SEM), which can introduce constructs into the analysis, allows examination of the relationships among the characteristics of the constructs, other constructs and the observed variables [16] [17] [18] . In the present study, we aimed to demonstrate the relationships among modifiable lifestyle factors, biologic factors, and BMD with SEM.
Materials and Methods

Subjects
The study was conducted between July 1996, and March, 1997 in Ibaraki Prefecture, Japan through the Prefectural Osteoporosis Screening Program. The program was conducted for the early detection and treatment of osteoporosis in 14 public health centers in Ibaraki Prefecture. The study subjects were 1,236 postmenopausal Japanese women between 40 and 80 years old, who voluntarily participated in the screening and the study. Among the 1,236 Japanese women, those with diseases or operations known as risk factors of secondary osteoporosis such as thyroid disease (n=75), parathyroid disease (n=3), diabetes mellitus (n=36), renal disease (n=37), gastroenterotomy (n=30) and ovariectomy (n=155), or the use of oral contraceptives (n=6), were excluded from the analysis to control confounding factors. Forty-three women with a history of smoking were also excluded from the analysis to control its confounding effects. Finally, 866 women were included in the analysis. All subjects were clearly informed about the screening process. Written informed consent was obtained from all subjects participating in the study.
Measurements
We conducted a self-administered questionnaire survey to obtain information on the present and past medical history, physical activity and diet pattern, and reproductive history of the subjects simultaneously with the screening. The questionnaire contained questions on average frequency of physical activity per week, which was continued to the present and performed in the past. To obtain information on the subjects' diet, ten items related to dietary balance, six items related to calcium intake and six items related to unwholesome diets were recorded. Table 1 shows the questions about dietary balance, calcium intake, and unwholesome diet. For the scores for dietary balance and unwholesome diets, we employed a two-point scale, rating a satisfied response as 1, and dissatisfied response as 0. For the score about calcium intake, we employed a three-point scale, rating 'three times or over a week' as 2, 'one or two times a week' as 1, and a 'seldom' as 0. To obtain information on physical activity, we asked about average frequency of current and past physical activity per week. To obtain information on the reproductive history, the age of menarche and menopause, and the number of childbirths were recorded. Subjects answered the questionnaire with the guidance by public health nurses. The examiners checked each questionnaire to ensure that the subjects had answered all the questions. Height and weight were measured at physical check-up. Grip strength in both hands was measured with a hand-held squeeze dynamometer. Three grip strength measurements were made for each hand, and the mean of the three measurements was recorded.
BMD was measured from a radiograph of the second metacarpal of the right hand by computed X-ray densitometry using a bonalyzer (Teijin Ltd., Tokyo, Japan). In this method, BMD was calculated by comparing the optical density of aluminum step wedges as the standard and the X-ray absorption density of the bone from the radiograph [19] [20] [21] . This measurement of BMD from a radiograph of the hand was not influenced by the soft tissue density and is a highly reproducible and simple operation. Two densitometers were used at all the screening facilities. Reliable calibration and stability of both densitometers were ensured by daily phantom measurements. The coefficient of variation (CV) for repeated measures (same technician examined the same X-ray film phantom 6 times) and daily (same technician examined the same X-ray film phantom for 9 days) was 0.70% and 1.45%. The inter-assessors reliability was 1.04% (CV). To examine the in vivo reliability, 15 normal subjects were analyzed: The in vivo precision was 1.31% (CV). Detailed information about the method of BMD measurement has been documented previously 22, 23) .
Data analysis
In the analysis by SEM, we employed a multiple basic model in which the observed variables were used as indices for each of the structural variables, and the relationships among the structural variables were studied. In the basic model, biologic factors and lifestyle factors were selected as the structural variables, which were related to BMD directly. Biologic factors consisted of age, height, weight, body mass index (BMI), grip strength of the dominant hand, age of menarche and menopause, number of years between menarche and menopause, numbers of years from menopause to the present, and the frequency of pregnancies and childbirths as observed variables in the basic model. Lifestyle factors consisted of frequency of past and present physical activity, scores of calcium intake, dietary balance and unwholesome diet as observed variables in the basic model. Among all the models, which could be structured in combinations with the aforementioned factors, the final model was determined using the goodness of fit index (GFI) and Akaike's information criteria (AIC). Among the models with 0.99 or higher GFI, that which had the lowest AIC was selected as the final model. GFI is a proportion in which the covariance matrix of the structured model explains a sample covariance matrix and is also an index suitable for relative model evaluation. AIC which has a significantly superior model selection function than GFI is considered suitable for relative model evaluation [16] [17] [18] . To examine the final model, we calculated the direct association, indirect association and total association of the variables in the final model. Direct association refers to the strength of association through only one Answers for Dietary balance and Unwholesome diet were 'yes' or 'no'. Answers for Calcium intake were 'three times or more per week', 'one or two times per week' or 'seldom'. structural variable, and indirect association refers to the strength of association through two structural variables in this modeling. Both direct and indirect associations were calculated by multiplying the partial standardized regression coefficients derived from each variable. The total association is a sum of the direct and indirect associations. The CALIS procedure of SAS, a statistical software package, was used for the SEM 18) . Table 2 shows the numbers of subjects, mean values, and standard deviation of the observed values. The mean age and BMD were 59.3 (standard deviation (SD): 6.7) and 2.39 (SD: 0.3), respectively. Table 3 shows the goodness of fit of the final model and its peripheral model. The GFI and AIC of the final model were 0.991 and -28.680, respectively. Figure 1 shows a path diagram of the final model. The causal correlation coefficient for each variable is indicated above the arrow. In the final model, lifestyle factors consisted of calcium intake, dietary balance, past physical activity, and current physical activity positively and unwholesome diet negatively. Passive factors consisted of age, postmenopausal period, age at menarche, and childbirth positively. The direct associations between lifestyle factors and BMD (0.085) was weaker than the one between biologic factors and BMD (-0.576). Table 4 shows direct, indirect, and total association of the variables and BMD in the final model. The total association between biologic factors and BMD (-0.564), the sum of its direct association and indirect association (0.012). It was bigger than the total association between lifestyle factors and BMD (0.001) which was the sum of its direct association and indirect association (-0.084).
Results
With regard to the correlation between each observed variable and BMD, the biggest degrees of association were for current age; direct association: -0.566, indirect association: 0.012, and total association: -0.554. Associations between each observed variables in biologic factors and BMD were greater than those among the observed variables in lifestyle factors and BMD.
Discussion
The strongest correlation in the final model was observed between age and BMD of all the correlations between each observed variable and BMD. This result was consistent with previous report, which clarified negative associations between age and BMD 14, 24, 26) . In the final model, postmenopausal years, age at menopause and frequency of childbirths were significantly correlated with BMD. These reproductive factors were assumed to be correlated with estrogen exposure, which has a significant influence on bone metabolism 1, 13, 22, 27) . Many studies have confirmed a positive correlation between BMD and each observed variable of physical composition; height, weight, obesity and grip strength.
Regarding the preventive effect of weight it is suggested that physical burden due to weight stimulated an increased BMD [28] [29] [30] [31] . Meanwhile, it was assumed that secretion of estrogen from mast cells also contributed to the preventive effect of osteoporosis with obesity 30) . Although a positive correlation between grip strength and BMD has also been reported 23, 32) , this correlation was not consistent with the final model of the present study. In the current analysis, the models that included weight, BMI, or grip strength, were discarded since the indicators for goodness of fit for the models were low. According to lifestyle factors, the present findings suggested that BMD would be more strongly correlated with calcium intake and dietary balance than with frequency of physical activity. Some studies have compared diet and physical activity to study the effects of prevention against osteoporosis; however, their observations were not consistent [33] [34] [35] [36] . In previous studies, the efficacy of prevention through both diet and physical activity has been indicated 19, [33] [34] [35] . Both dietary factors and physical activity factors were included in the final model, which indicated their combined efficacy in the prevention of osteoporosis.
The final model could be seen as a model to indicate that there were weak correlations between BMD and each observed variable for lifestyle, and that there was a weak correlation between BMD and physical composition; weight, BMI, and grip strength. These findings were inconsistent with the current consensus about the preventive effect of lifestyle 19, 27, 33, 36) . The accuracy and the validity of both the indicators and the constructs were not verified by other studies. It was likely that the low accuracy made the correlations between lifestyles and BMD weaker. Another reason to weaken the correlations was that some important factors were not included in the model such as smoking and drinking.
Constructs with SEM have been employed in mental health research because they are available for analyses of abstract ideas 17) . For control of osteoporosis, it was not sufficient only to study associations between the disease and each individual lifestyle as previous epidemiological studies have done, because it is also necessary to examine associations between the disease and the total lifestyle. For the latter examination further studies will be indispensable. SEM is applicable not only to analyze constructs but also to refine a model to fit with accumulated knowledge. A pilot model is necessary to develop a new and more precise model. The current finding proposed one pilot model for BMD and lifestyle factors.
The GFI and AIC of the final model were 0.991 and -28.680, respectively, which indicated that the model fitted the data well. However the enough model did not explain associations among BMD and risk factors, since some important risk factors were excluded from the model. This was simply because model selection in the present study depended on the statistical indices for model fitting.
One limitation of this study was in its inability to clarify the efficacy of prevention because it was a cross-sectional model. To address this limitation, further longitudinal studies will be necessary. The present study recruited subjects who participated in the health examination for diagnosis of osteoporosis voluntarily. The voluntary participation might cause selection bias, which attenuated the generalizability of the study. This study focused on biologic factors and modifiable lifestyle factors and defined a multiple index model as a basic model. However, a different final model could be selected, if the viewpoints for the way of modeling, the indicators employed in the analysis and the subjects were different. To confirm the stability of the model, we calculated the goodness of fit for all 1,236 patients, including the 370 who were excluded from the study due to history of disease, operation or smoking. The model from this extra analysis showed a similar structural association and indicated a high goodness of fit with a GFI of 0.992 and AIC of -30.555. This finding alone did not confirm the stability of the model, but it could be suggested that the final model was stable.
In conclusion, this study defined a model for the study of factors influencing BMD. Although it is still necessary to conduct further analyses with more valid measurements and constructs, the finding of the present study indicated that the correlation between BMD and lifestyle factors structured with calcium intake, dietary balance, unwholesome diet and current physical activity was weaker than that between BMD and biologic factors structured with age, postmenopausal period, age at menarche, and childbirth.
